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returned to normal level by the in vitro addition of the coenzyme, FAD (Glatzle et al. 1968; Glatzle et al. 1970) . The enzyme activity is estimated spectrophotometrically by measuring the oxidation of NADPI I, in thc following reaction : E G R (FAD) GSSGfNADPH, -+ 2 G S H S N A D P where GSSG =oxidized glutathione, GSH ==reduced glutathione.
T h e activation of the EGR by FAD is expressed as the activation coefficient M, which is defined by the quotient:
activity after FAD addition activity without FAD addition (Glatzle, 1970) .
From the statistical evaluation of the activation coefficient M for 185 apparently healthy blood donors, it was proposed that in our test system a value of rx>1.20 could be indicative of a marginal or inadequate riboflavin supply (Glatzle et aI. I 970) . While these activation coefficients showed a normal frequency distribution around 1.0, the distribution of the M values for 124 geriatric patients was 'skew' and shifted to higher values (Fig. I ). These high activation coefficients could, however, be corrected by the administration of 10 mg riboflavin/d for 2 weeks (Fig. I ) . A good negative correlation between the activation of EGR and the total riboflavin levels in red blood cells was found by Glatzle (1970) .
On the other hand, Sharada & Bamji ( I 972) questioned the existence of a correlation between riboflavin levels in the red blood cell and the EGR activity in studies under field conditions. They believe that the two variables show parallel change to dietary riboflavin only in controlled studies. I n experiments with rats, Sharada & namji (1972) observed that severe pyridoxine deficiency may markedly increase the riboflavin concentration of the red blood cell without any change in the FAD activation effect of EGR. These authors, therefore, concluded that the erythrocyte riboflavin levels may be a poor index of the riboflavin status. In a controlled study on human volunteers, Bamji (1969) found EGR activity and urinary riboflavin excretion more sensitive to dietary intake of the vitamin than the red blood cell riboflavin concentration, 
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EUROPEAN CONFERENCE '973 following 7 weeks of depletion. T h e urinary riboflavin level did not increase markedly until about the 10th day of the repletion period, but the EGR assay proved to be a sensitive measure of the riboflavin status throughout the whole study.
I n all instances where a certain method is applied for the assessment of nutritional status, there i s a question of whether the variable used does in fact represent the over-all situation in the body. We investigated this question in expcriments on rats in which riboflavin intake was varied and found good correlations of the activation coefficients for glutathione reductase in erythrocytes, whole blood, liver and small intestine both between values and with the total riboflavin levels of liver and kidney (Glatzle, Weiser, Weber & Wiss, 1973) . This study has shown that the glutathione reductase assay can be carried out with whole blood (BGR) instead of erythrocytes (EGR), thus offering analytical and technical advantages. T h e following correlation coefficients between BGR and EGR could be found: 0486 for sixty-four rats (Glatzle et al. 1973 ) and 0.96 for I 10 humans (Glatzle, unpublished results) .
These experiments support the hypothesis that the EGR or BGR reflect fairly well the riboflavin body pool of an individual.
A difficult problem is the study of a correlation between the increase in E G R or BGR activation coefficients and the occurrence of clinical symptoms of ariboflavinosis. I n the study of Tillotson i % Baker (1972) on a partial riboflavin deprivation in human subjects, no clinical symptoms were observed. Bamji (1969) found significantly lower activities of glutathione reductase and increased activation coeficients in subjects with clinical evidence of riboflavin deficiency, such as angular stomatitis and glossitis. We investigated the EGR and BGR of twelve children from Thailand. Five children showed no clinical signs and the corresponding activation coefficients were found to be < 1-30 for EGR and < 1.25 for BGR. I n five of the seven children with clinical signs of riboflavin deficiency, the activation coefficients were markedly increased and reached values between 1.30 and 1-80 for EGR, and between 1.25 and 1-50 for BGR. Thurnham, Migasena & Vudhivai (1971) studied the prevalence of angular stomatitis and 'biochemical' ariboflavinosis, as measured by the glutathione reductase assay of Glatzle et al. (1968) , during a z-year period in two villages of North-East Thailand. I n one village the percentage prevalence of the two criteria appeared to follow a common pattern throughout the year, while in the other village the 'biochemical' ariboflavinosis seemed to be more prevalent and angular stomatitis occurred less often, All these studies demonstrate that a certain correlation exists between the clinical symptoms and biochemical lesions of riboflavin deficiency, but the correlation does not appear to be very strong. There may be several reasons for this, e.g. a lack of specificity of the clinical symptoms or a contribution by nutritional factors other than riboflavin to the prevalence of stomatitis, time lags between biochemical changes and the appearance or disappearance of clinical signs.
We have already used the EGR or BGR assay in various studies of the assessment of the riboflavin status, e.g. in 651 pregnant women (S. Heller, R. M. Salkeld & W. F. Korner, unpublished results). I n this study, 2574 of pregnant wonien in the first trimester-increasing to 40% a t term-appeared to be marginally supplied
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Vol. 32 The assessment of vitamin status in man with riboflavin according to our suggested classification of activation coefficient values. I n another study with pregnant women, we observed a higher incidence of low haemoglobin levels in blood when the total blood riboflavin levels were decreased and the activation coefficients €or the glutathione reductase were increased. T h e blood haemoglobin levels and values for packed cell volume correlated positively with the levels of total riboflavin in blood and negatively with the activation coefficients for EGK and BGR (Glatzle, Deckcr & Hinselmann, unpublished results) .
From our present experience, we know of no instances where the glutathione reductase assay failed to work. Wrong interpretations may, however, occur in cases of cc-thalassaemia, where the protein moiety of the glutathione reductase in the erythrocytes is affected and the association constant of the apoenzyme with FAD is diminished (Staal, Helleman, de Wael & Veeger, 1969) . This may lead to high activation coefficients at red blood cell flavin levels which are usually considered to be acceptable, as much more FAD is needed to reach full enzyme activity in this instance. Persons who are deficient in erythrocyte glucose-6-phosphate dehydrogenase often possess an incrcascd glutathione reductase activity in erythrocytes which cannot be activated by FAD to the usual extent. This may falsely be interpreted as a good riboflavin status for the individual, but it is possibly true only for the status of the erythrocytes, since erythrocytes that are deficient in glucose-&phosphate dehydrogenase have higher FAD concentrations than normal erythrocytes (Flatz & Simmersbach, 1970). I n conclusion, the assay of glutathione reductase activity is an attempt to evaluate the riboflavin status in a rather simple in vitro assay on the basis of the function of an FAD-dependent enzyme. It has proved to be a reliable and practicable method for the assessment of riboflavin status in human subjects, and appears to have some advantages over the variables previously used.
